In Italy, to improve good practices for truffle cultivation, some regional governments require specific certification of mycorrhization level and plant quality for marketing, outplanting and establishment of truffle orchards. The Department of Applied Biology at the University of Perugia has dealt with certification of truffle plants since the 1980's. Here we show the mycorrhization analysis of different host species previously inoculated with truffle spores by an Italian commercial nursery.
INTRODUCTION
It is known nowadays that the quality of truffle plants produced by commercial nurseries, as well as the selection of the plantation site according to soil and climate conditions, are essential prerequisites for good truffle cultivation. The concept of quality is essentially based on: i) high percentage of truffle ectomycorrhizas (ECM); ii) absence or low percentage of concurrent fungi; iii) homogeneous and healthy plant development. Some ECM of concurrent fungi that grow in greenhouses were already described (Meotto, Carraturo 1987-88; Bencivenga et al. 1995a; Donnini, Bencivenga 1995; Amicucci et al. 2001; Baciarelli Falini et al. 2006; Benucci et al. 2012) , and although their role in truffle cultivation is not known, their presence in the root system of truffle seedlings is negative because they reduce truffle mycorrhization by occupying non colonized root tips.
Several research centres and universities have developed methodologies of analysis and certification of truffle plants based on both morphological and molecular tools (Govi et al. 1995; Fischer, Colinas 1996; Reyna et al. 2002) .
In Italy, to improve good practices for truffle cultivation, some regional governsome regional governments require specific certification of mycorrhization level and plant quality for marketing, out-planting and establishment of truffle orchards.
MATERIAL AND METHODS
We analyzed the mycorrhization level of seedlings belonging to Quercus pubescens Willd., Ostrya carpinifolia Scop. and Corylus avellana L. infected with Tuber aestivum Vittad. Seedlings were cultivated in the same nursery and located in the same greenhouse with the same environmental conditions. In every season, for 5 years (2007) (2008) (2009) (2010) (2011) , seedlings were sampled from homogeneous plant batches, and a morphological and molecular analysis was carried out to quantify the presence of truffle ectomycorrhizae (ECM) and any other concurrent ECM fungi.
The mycorrhization level was evaluated following the official method for Italian truffle plants certifications (Bencivenga et al. 1995b ) which was modified after many years of operator experience (Donnini 2005) . The method comprised 3 phases: i) visual morphological assessment of the entire root system; ii) identification and percentage evaluation of Tuber and non-Tuber ECM; iii) molecular analysis of all morphotypes. A truffle plant can be certified and considered suitable for market and truffle cultivation when: 1) the percentage of Tuber ≥ 30%; ii) the percentage of other ECM fungi is < 15%; iii) the percentage of Tuber minus the percentage of other ECM fungi is ≥ 20. We analyzed 1-3% of seedlings for each batch produced. A homogeneous group of seedlings (i.e., a batch) is suitable for truffle cultivation when ≥ 80% of analyzed seedlings are certified.
In the whole dataset of 1426 plants in total, for each year (from 2007 to 2011) and species (i.e., oak, hazel, hornbeam), 20 samples (i.e., truffle-seedlings) were randomly chosen using R statistical program (R Development Core Team 2011) for a total of 300 samples, 100 each host species. The Shapiro-Wilk test was used to attest normality of the data. The Tukey test was used in conjunction with ANOVA to find which means were significantly different from one another.
RESULTS
The mycorrhization of oak seedlings (Tab. 1) resulted the lowest (≈ 43%) compared to hornbeam and hazel (≈ 52%, each). With regard to yearly fluctuations in mycorrhization (Tab. 2) we showed that mycorrhization percentages differed depending on the host and year selected. For example in year 2009 mycorrhization levels were significant for oak (≈ 57%) and hazel (≈ 62%), but not at all for hornbeam (≈ 30%). The year 2010 was very good for hornbeam (≈ 67%) and hazel (≈ 58%), but bad for oak (≈ 38%). Hornbeam was also the host which showed higher stan-(≈ 38%). Hornbeam was also the host which showed higher stan-. Hornbeam was also the host which showed higher standard errors than hazel and oak, confirming the high variability of mycorrhization revealed during the analysis. Oak seedlings showed to be more homogeneous and values of mycorrhization are nearer to the mean value. Table 3 shows the presence of concurrent fungi. Oaks resulted less contaminated than hazels and hornbeams. The mean frequency of mycorrhization was the lowest in oak (0.17± 0.10) and the highest in hornbeam (0.38± 0.37). It is interesting to note that in the year 2009 all 20 hornbeams analyzed showed the presence of concurrent fungi. 
DISCUSSION
In relation to results obtained in this study is apparently more appropriate to select hazel and hornbeam seedlings that showed high rate of mycorrhization with Tuber aestivum as opposed to oak, but on the other hand these are also more colonized by co-occurrent fungi. This tends to be the cases in the field too, because usually hazel and hornbeam trees grow faster and often present more ectomycorrhizal contaminants that other species, consequently the mycorrhization with Tuber is lower than in oaks (Donnini et al. 2003; De Miguel, Sáez 2005; Benucci et al. 2011) . We can hypothesize that on the contrary the best host species is oak, which grows and establishes mycorrhizal symbiosis slower than other species, and seems likely to prefer Tuber to other mycorrhizal fungi in the nursery setting.
This was only a partial study of the large amount of data collected during many years checking and certifying mycorrhized seedlings in several of the most important Italian nurseries.
A complete data elaboration would extend the knowledge on the quality of trufknowledge on the quality of truffle plants produced by nurseries and could improve mycorrhization methodologies, the inoculation techniques adopted by nurseries and the subsequent success of truffle cultivation. In order to have a European market of truffle plants, it is fundamental to develop a standard method of certification recognised by all countries.
